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Objective: To provide clinicians and researchers with an ex-
panded perspective on the association between functional an-
kle instability and postural control.

Data Sources: I searched MEDLINE and SPORT Discus for
the years 1966–2001 using the key words ankle, instability, and
balance. Additional information was obtained from cross-refer-
encing pertinent articles.

Data Synthesis: Conflicting reports have been published
about whether postural control is disrupted in people with
chronic ankle instability. The variety of testing methods and op-
erational definitions used by various investigators make draw-
ing a consensus difficult. In contrast, the results of investiga-
tions considering postural-control strategy disruptions in
persons with chronic ankle instability have been compatible.

Depending upon the effectiveness of an altered strategy, pos-
tural-control deficiencies may fail to be revealed in the absence
of challenging tasks and environmental conditions.

Conclusions/Recommendations: If we accept the idea that
postural control is disrupted after orthopaedic injury, the next
step becomes identifying the causative factors within the pos-
tural-control system. Experimental evidence surrounding the
role of lateral ankle-ligament mechanoreceptors in posture sug-
gests that they cannot be the sole source of the alterations
revealed. Consideration should be directed to other potential
areas within the postural-control system, as outlined in the text,
during ankle evaluations and rehabilitation.
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Since the work of Freeman et al1–5 describing postural-
stability alterations in patients with chronic ankle insta-
bility (CAI), a large focus of the sports medicine com-

munity has been on using postural-control tasks to prevent,
assess, and rehabilitate patients with CAI. Freeman et al1–5

suggested that alterations in postural control could be attri-
buted to deficits in the afferent input arising from mechano-
receptors residing in the ankle ligaments and capsule (articular
deafferentation). In addition to providing a basis for explaining
the source of CAI, articular deafferentation has also been ex-
panded to explain the source of chronic instability existing at
other joints.6,7 Specific to the ankle, in addition to postural-
control applications, the theory has been used to explain char-
acteristics exhibited by people with CAI, such as deficiencies
in the conscious perception of proprioceptive sensations (kin-
esthesia and joint position sense).8–11 Despite the popularity
of the theory developed by Freeman et al,1–5 direct evidence
supporting the importance of articular afferent information to
the postural-control system in healthy individuals is largely
debated.12 Aside from mechanoreceptor disruptions, other
components of the postural-control system (PCS), such as
strength, mechanical stability, and range of motion, often be-
come altered in patients with CAI. The importance of these
factors within the PCS would, therefore, suggest additional
potential reasons postural control may become disrupted after
injury.

The purpose of this article is to examine the link between
postural control and CAI with the goal of expanding future
research and clinical practice directions. To accomplish this

goal, I present basic principles surrounding the physiology and
assessment of postural control, review the literature consider-
ing postural instability in CAI patients, and examine the re-
search investigating the role of ankle-ligament receptors in
postural control. I will conclude with a synthesis of the ma-
terial supporting potential topics for future research and clin-
ical direction.

MAINTAINING POSTURAL EQUILIBRIUM

The mission of the PCS is to continuously maintain postural
equilibrium during all motor activities of the body (Figure).
For the convenience of discussion, the process of maintaining
postural equilibrium can be considered in 3 parts. First, the
body’s position relative to the support surface and gravity and
the positions of each segment relative to one another must be
determined from afferent information. With respect to postural
control, pertinent afferent information arises from vestibular,
visual, and somatosensory sources. Next, the afferent infor-
mation gathered from these 3 sources must be integrated and
processed to determine the necessary motor commands. The
motor commands are then executed by muscles along the en-
tire kinetic chain. The exact spatial and temporal organization
of commands must meet the demands of the functional task
and environmental conditions.13 The last part of postural con-
trol involves the actual execution of motor commands by the
neuromuscular tissues. Aside from the functional status of the
skeletal muscle (ie, strength, endurance), the final outcome of
a motor command depends upon many peripheral physiologic



Journal of Athletic Training 387

Information-processing perspective of the postural-control sys-
tem. ROM indicates range of motion.

and biomechanical factors (ie, strength, mechanical stability,
and available range of motion) about each of the joints in the
kinetic chain.13–15 Superimposed onto this entire construct are
postural requirements for conscious motor control and volun-
tary task initiation.

Inherent to the PCS on both the afferent and efferent sides
are varying degrees of redundancy. For example, healthy in-
dividuals can close their eyes and remain in an upright bilat-
eral-stance position with little or no increase in postural sway.
In this circumstance, sufficient information is provided to the
PCS by the remaining sensory inputs (vestibular, somatosen-
sory) for equilibrium to be maintained. Similarly, on the ef-
ferent side, many possible motor combinations can be used to
achieve the same end result.16 Despite the sensory and motor
redundancy, it appears that the PCS uses only a limited set of
distinct patterns.16–18 The selection of particular strategies ap-
pears to be dictated by previous experience, expectations, en-
vironment, task, individual characteristics, and the efficiency
of the movement.17–20

Control over posture occurs in both feedback (reactive) and
feedforward (preparatory) manners.21 For example, a feedback
situation involves the response of the PCS to reestablish con-
trol of equilibrium when an athlete stumbles over an unseen
obstacle. The response incorporates both reflexive and auto-
matic muscle-activation sequences before any consciously ini-
tiated actions. In contrast to the feedback situation, feedfor-
ward involves the preparatory muscle activity that occurs upon
the identification of the beginning and the effects of an im-
pending event or stimulus.21,22 For example, feedforward en-
compasses the crouched position a wrestler assumes in re-
sponse to a perceived offensive attack by his opponent or the
muscle activity accompanying a voluntary motor command
(ie, kicking a soccer ball).

ASSESSMENT OF POSTURAL CONTROL

Investigators studying CAI and postural control have em-
ployed a wide variety of assessment techniques. Thus, a pre-
requisite to gaining an understanding of the link between pos-
tural control and CAI is to be aware of several fundamental
principles governing postural-control assessment. Not only are
the following principles important to postural-control assess-
ments, they are also applicable to the design of rehabilitation
exercise activities.

The first decision in assessing postural control is identifying
the type of task employed. Generally, tasks can be grouped
into 3 categories: maintaining equilibrium during quiet stance,
perturbation, or performance of voluntary movement. Analyz-
ing periods of quiet stance allows assessment of the potential
open-loop control schemes and the steady-state behavior of the
PCS.23 The unexpected displacements of the body and sur-
rounding environment that often occur during activities of dai-
ly living provide the rationale behind using perturbations.24

During activities of daily living that involve voluntary move-
ments, conscious attention is often not required for maintain-
ing postural control.13,25 Typically, once a conscious motor
command is initiated (eg, running) the specific details of the
movement (ie, sequence of muscle activation) are programmed
by supraspinal areas (cerebellum, motor cortex) and spinal
neural networks, while the conscious shifts its focus to another
thought. Thus, it naturally follows that a comprehensive pos-
tural-control assessment should include circumstances that at-
tempt to duplicate similar scenarios. The challenge arises in
finding the balance between attaining reliable measurements
and maintaining a ‘‘natural’’ situation.

The second major aspect in the design of a postural-control
assessment deals with the particular conditions that will be
manipulated in conjunction with the task. In an attempt to
better focus on particular aspects of the PCS, sensory infor-
mation, base of support (BOS), and support-surface character-
istics are often manipulated. Altering the BOS or support-sur-
face characteristics alone can also change sensory information.
A sensory alteration pertinent to examining the link between
CAI and postural control is eliminating or altering visual in-
puts. Changing the BOS size or shape directly influences pos-
tural control.26–29 The BOS can be defined as the area con-
tained within the parts of the body making physical contact
with the external environment. In sports medicine testing and
rehabilitation, single-leg stance is the most frequently used
BOS. Standing on one limb requires the PCS to reorganize
itself over a narrow and short BOS and allows bilateral com-
parisons. Lastly, support-surface characteristics, such as di-
mensions and stability, can be altered to change the demands
imposed by a particular task. The most commonly used sup-
port surface is a fixed, firm, level surface. Unstable surfaces,
such as uniaxial and multiaxial platforms, require faster sta-
bilization mechanisms that originate from proprioception.30,31

Whether they better differentiate postural-control deficits in
CAI patients remains unknown.

The last major decision that surrounds postural-control as-
sessment is the actual variables to be measured. Both instru-
mented and noninstrumented measures have been developed
and used in sports medicine populations. Noninstrumented
measures include variables such as length of time in equilib-
rium32,33 and error scoring systems.29,34,35 The advantage of
noninstrumented measures is the lack of sophisticated or ex-
pensive equipment required to conduct an assessment. The
largest disadvantage of noninstrumented measures resides in
reduced sensitivity. Instrumented measures can be derived
from force-platform, kinematics, or electromyographic data.
Center-of-pressure (COP) excursion characteristics are most
frequently calculated during postural-control assessments in
sports medicine settings. Center-of-pressure-based variables
should not be confused with movement of the body’s center
of mass. Rather, they represent the location and movement of
the net ground-reaction-force vector in response to the correc-
tive action being taken to maintain equilibrium.36
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It is important to recognize that the reliability, validity, and
sensitivity in detecting deficiencies of the tasks and variables
used to assess postural control are largely unknown. Because
of the potent influence these measurement-related factors have
on research results and, therefore, on clinical inference, it is
strongly recommended that this be a priority area for future
research. Furthermore, because postural control has been de-
scribed as a task-specific process,13 one must question the re-
lationship between performance of a traditional single-leg-
stance task and a functional movement pattern. A preliminary
examination of this issue failed to reveal any significant rela-
tionships between 2 voluntary movement tasks (single-leg-hop
stabilization test and Star Excursion Balance Tests) and tra-
ditional stabilization tasks (quiet, single-leg stance on fixed
and multiaxial surfaces).37 This issue is also very applicable
to the tasks used in rehabilitation programs. In other words,
the efficacy of unstable-platform stance exercises in restoring
functional activity proficiency is unknown and represents an
area for future research.

EFFECTS OF CHRONIC ANKLE INSTABILITY ON
POSTURAL CONTROL

Is Postural Control Disrupted in Patients With
Chronic Ankle Instability?

At first glance, answering this question seems to be straight-
forward. Unfortunately, an in-depth analysis of the literature
quickly leaves one buried in confusion. As discussed in several
works within this special issue, the first source of discrepancy
among investigations resides in the lack of universally ac-
cepted operational definitions of functional, mechanical, and
chronic instability. Further complicating the topic are the var-
ious assessment approaches used by researchers. In addition
to task, condition, and instrumentation variety, the reference
group has consisted of the contralateral uninjured limb (intra-
individual differences) and a healthy reference group (inter-
individual differences). This section will focus on a review of
those investigations considering postural-control disruptions in
CAI patients.

Again, Freeman et al2 first introduced the premise that ankle
injury causes a disruption in postural control. It is important
to recognize that this frequently cited investigation used simple
observation and patients’ self-description of their performance
to compare single-leg stance between the involved and unin-
volved extremities. Comparison of the results before and after
a training program prompted the investigators to conclude that
a regimen of coordination exercises reduced both observed
postural deficits and subjective symptoms.

Advancement of the idea of Freeman et al3 concerning the
link between postural stability and ankle injury by more ob-
jective instrumented approaches occurred with a series of in-
vestigations performed by Tropp et al.38–40 Specifically, these
researchers employed a force platform to record COP move-
ment during single-leg stance with eyes open. Soccer players
with functional instability had significantly higher COP ex-
cursions independent of mechanical stability.40 In a subsequent
investigation, Tropp41 reported no significant bilateral differ-
ences (injured versus uninjured) in soccer players with func-
tional instability. However, a comparison of both limbs in the
patients with chronically unstable ankles with a healthy ref-
erence group revealed significantly higher COP excursions.41

This result immediately offers 2 interpretations: (1) The pa-

tients with functionally unstable ankles may have a predispo-
sition to functional instability, as evidenced by the poorer per-
formance in the contralateral healthy limb; and (2) Functional
ankle instability affects the PCS at a level that is high enough
to influence stability during stance on either extremity. Support
for the former interpretation can be gathered from previous
work by Tropp et al38 and a more recent report42 that will be
discussed in the subsequent section.

Using a similar assessment task (single-leg stance, eyes
open) as Tropp et al,38–46 Konradsen and Ravn43 reported sig-
nificantly altered postural stability (as measured by average
distance away from the mean COP position) in patients with
functional ankle instability. Similarly, Perrin et al44 compared
15 professional basketball players with a ‘‘long history’’ of
ankle trauma (10–15 episodes) with a control group consisting
of 50 healthy people (nonathletes). Their static test battery
consisted of double-leg stances under eyes-open or eyes-closed
conditions on a force platform. The dependent variables (ex-
cursion velocity and area) were also based on COP data. Sig-
nificant differences between the 2 groups were noted for area
(eyes open and closed) but not velocity. Further statistical
analysis of Romberg quotients (eyes-closed results divided by
eyes-open results) failed to reveal significant differences be-
tween the groups. The basketball group consisted of taller par-
ticipants who also had a higher activity level than the control
group. Both of these factors complicate the ability to confi-
dently attribute the significant differences to a history of ankle
sprains alone.45

Investigations using noninstrument measures with fixed,
firm-surface stances have also revealed significant alterations
in patients with functional ankle instability. Lentell et al,46

using an examiner to evaluate stability, compared eyes-open
and eyes-closed single-leg stance between limbs (injured ver-
sus uninjured) in patients with unilateral functional ankle in-
stability. Although 45% of the patients demonstrated symmet-
ric performance, 55% exhibited deficits during stance on the
involved extremity. In a similar manner, Forkin et al9 reported
that 63% of gymnasts (9 women, 2 men) with functional ankle
instability exhibited deficits during eyes-closed single-leg
stance.

In contrast to the investigations that found significant pos-
tural deficits during stance on fixed, firm-support surfaces, sev-
eral studies failed to detect differences. Baier and Hopf47 did
not find significant differences between 22 patients with func-
tional ankle instability and 22 healthy controls during eyes-
open single-leg stance. Participants with positive anterior
drawer and talar tilt tests were excluded. Dependent variables
consisted of a battery of 6 COP-based measures: confidence
ellipse, anteroposterior velocity, mediolateral velocity, total
horizontal velocity, angular movement, and linear movement.
The 2 latter variables were developed by the authors to char-
acterize how frequently and how much the COP changes di-
rection during a trial.

Isakov and Mizrahi48 also failed to demonstrate bilateral
differences in 8 gymnasts with a history of repeated unilateral
ankle sprains. In contrast to using COP-based variables, these
authors used the average amplitude of the anterior-posterior
and medial-lateral ground-reaction-force signals. The testing
was completed under both eyes-open and eyes-closed condi-
tions. Lastly, Bernier et al49 examined single- and double-leg
stance stability in 9 patients with unilateral functional ankle
instability compared with 9 healthy controls and failed to show
any significant differences between the groups.
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As previously mentioned, unstable support surfaces are the-
orized to stimulate a higher reliance on proprioception. Using
this idea, Rozzi et al50 compared single-leg stance perfor-
mance on a multiaxial surface in 13 healthy individuals and
13 with functional ankle instability. The participants were
asked to keep the support surface as level and motionless as
possible during 20-second trials. Unlike force-platform-de-
rived measures that depend on the location and magnitude of
ground-reaction forces, the instrumentation used in this inves-
tigation was purely related to the platform orientation with
respect to the horizontal. Participants were assessed before and
after a 4-week, 3-days-per-week multiaxial-surface training
program. Initially, performance was significantly poorer in the
patients with ankle instability than in the control participants
during trials with decreased platform stability (lower resistance
to tilt). Interestingly, after the training program, the deficits in
the group with instability resolved, and both groups demon-
strated significant performance improvement compared with
the pretest scores.

In addition to the fixed, firm-surface condition, Bernier et
al49 incorporated 2 moving support-surface conditions into
their investigation. The first involved a 48 medial-lateral tilt
(0.58·s21), while the second was a 1.91-cm medial-lateral hor-
izontal displacement (0.31 cm·s21). Theoretically, these con-
ditions would require continuous reorganization of the body’s
center of mass over the moving BOS. The ankle joint would
have been the likely location for the adaptations necessary to
remain in equilibrium. Assuming varying degrees of static
(mechanical) or dynamic (neuromuscular) ankle instability in
their sample of participants with instability, compensatory ad-
aptations would have become necessary at a proximal location.
Although nonsignificant results were reported, it is plausible
that differences may have gone undetected due to uncontrolled
proximal-joint or upper extremity (or both) motions. Proximal-
joint compensations will be further considered in the subse-
quent section.

Are Postural-Control Strategies Disrupted in
Patients With Chronic Ankle Instability?

Numerous sensory and motor redundancy avenues exist in
the PCS. Under normal conditions, healthy individuals may
consider the redundancies to be an unnecessary luxury. In con-
trast, in a person with an abnormal PCS, the ability to use
multiple compensatory sensory and motor pathways may
mean the difference in maintaining equilibrium. This may be
especially true under varying environmental conditions. As an
extreme example, consider an individual with total peripheral
neuropathy who walks across an unstable (movable) support
surface. Without vision to provide compensatory information
regarding lower extremity joint positions, the person may not
be able to complete the task. Afferent information concerning
joint position is important for determining body position and
configuration and the temporal, spatial, and magnitude char-
acteristics of the efferent commands (ie, joint position influ-
encing muscle length-tension relationships). Although this rep-
resents an extreme example, it is a reasonable assumption that
similar subtle situations exist after orthopaedic injury. Thus, it
appears important that future orthopaedic postural-control as-
sessments be designed and conducted with the goal of an-
swering 2 questions: (1) Is postural control disrupted? (2) Are
the strategies used to maintain postural control disrupted?

Several investigations considering CAI have already sought

to consider these questions. Tropp and Odenrick51 examined
the ankle and hip kinematics of single-leg stance (eyes open)
in 15 patients with functional ankle instability and 15 healthy
people. Specifically, these authors measured the horizontal po-
sitions of the shank, anterior superior iliac spine, and sternum-
manubrium in the frontal plane. From the positional data, the
root mean square of the ankle angle (angle between the shank
and the sagittal plane) and the hip angle (the angle between
the trunk and the supporting limb) across each trial was cal-
culated. Center-of-pressure excursion was significantly in-
creased, and subjects with instability displayed a higher reli-
ance on the hip joint for postural corrections than healthy
participants.

Further supporting the results of the above investigation was
a similar, subsequent project by the same researchers consid-
ering the efficacy of ankle-disk exercises in patients with func-
tional ankle instability.52 Using identical kinematic variables,
they revealed significant decreases in postural sway as evi-
denced by the COP excursion, amplitude of sternum and ankle
displacements, and root mean square of the hip angle. Al-
though only the symptomatic limb was exercised, a statistical
reduction in COP excursion was also revealed in the contra-
lateral (healthy) limb of 8 participants with unilateral instabil-
ity. Additionally, when the results of the ankle-disk training in
the group with functional instability were compared with the
healthy subjects in the previous study, similar statistical dif-
ferences were revealed.

Using randomly timed small and medium medial-lateral
support-surface perturbations, Pintsaar et al53 also demonstrat-
ed postural-control strategy changes in people with ankle in-
stability. Three groups of female soccer players were included
in the study: (1) 12 healthy players, (2) 13 players with func-
tional ankle instability who underwent an 8-week ankle-disk
training program, (3) 11 players with mechanical instability
(confirmed with positive anterior drawer tests) without func-
tional instability. Dependent variables included latency of
force production (measured by the forceplate in the support
surface) and strategy scores (based on the magnitude of hor-
izontal shear forces). No significant group differences with re-
spect to the latencies were seen. A significantly increased hip
strategy was revealed in the functionally unstable group com-
pared with the healthy group before training. After training,
the strategy differences were resolved, as no significant be-
tween-group differences were noted.

THE LINK BETWEEN CHRONIC ANKLE
INSTABILITY AND POSTURAL CONTROL

The previous section demonstrated that while it remains
controversial whether postural control is disrupted (ie, in-
creased postural instability evidenced by COP excursions),
more consistent evidence suggested that the manner in which
postural control was maintained appeared to be altered in pa-
tients with chronic instability (ie, increased reliance on cor-
rective actions at the hip joint). Assuming the strategies used
to maintain postural control are altered in CAI patients, with
or without presentation of gross instability, the next step is to
establish the underlying physiologic basis. In other words,
‘‘What is physiologically altered in CAI patients that could
account for the demonstrated postural alterations?’’ In attempt-
ing to answer this question, I will examine the role of ankle
articular mechanoreceptors in postural control and present oth-
er potential factors linking postural-control deficits to CAI.
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THE ROLE OF ANKLE MECHANORECEPTORS IN
POSTURAL CONTROL

Again, it was Freeman et al1,2 who originally proposed that
joint deafferentation, or a loss of sensory input from the lateral
ankle-ligament mechanoreceptors, accounted for their obser-
vations of impaired single-limb postural control in patients
with CAI. Unfortunately, little direct evidence exists docu-
menting the function of ankle articular inputs in postural con-
trol. Most of the research into the sensory aspects of postural
control has focused on the roles of each broad source (vestib-
ular, visual, and somatosensory) as a whole.18,54–66 Specifi-
cally, under the umbrella of somasensory inputs (cutaneous,
muscle, articular), more inquiries have been conducted con-
cerning the roles of the muscle and cutaneous receptors than
the articular receptors.

One of the reasons for the limited number of studies may
be the difficulty in experimentally isolating articular mecha-
noreceptor function in vivo. Additionally, the numerous inter-
actions and compensatory pathways existing among mecha-
noreceptors located in cutaneous, muscle, and articular tissues
make attributing results to one particular population of recep-
tors difficult.67 The complexity of muscle-spindle function
provides a good example. Muscle spindles, in addition to con-
taining specialized afferent nerve endings for conveying mus-
cle length and rate of changes in length to the central nervous
system, also contain peripheral contractile elements. The con-
tractile regions are innervated by gamma motor neurons (g-
MNs) and provide for the sensitivity of the muscle spindle to
be adjusted. The level of g-MN activation is under both de-
scending (supraspinal) and peripheral influence (ie, final com-
mon-input hypothesis.68)

To date, only 2 studies69,70 have been published that used
methods allowing the contribution of articular inputs in pos-
tural control to be determined. Hertel et al69 determined the
effect of isolated joint-afferent reduction on postural control
by anesthetizing the anterior talofibular ligament and lateral
joint capsule. Single-leg postural-control assessments were
conducted under eyes-open and eyes-closed conditions using
a fixed support surface and a slowly rotating support surface
(plantar flexion-dorsiflexion and inversion-eversion). Postural
control was measured by the net location of COP with respect
to the foot and the amount of movement around the mean COP
location. Alterations were seen in the mean COP location dur-
ing both the fixed and moving support-surface conditions: a
lateral adjustment during the fixed-surface condition and a me-
dial adjustment during the rotating-surface condition after an-
esthesia. Movement around the mean COP location was not
significant under either of the conditions. The authors sug-
gested that an adaptive mechanism occurred after anesthesia
to compensate for the loss of afferent inputs from the lateral
ankle.

Using a more dynamic approach, the effect of anterior tal-
ofibular ligament anesthesia on multiaxial-platform stability
was considered by DeCarlo and Talbot.70 The study consisted
of a pretest, anesthetic injection, and posttest. Stability was
significantly increased after anesthesia. The authors attributed
the increased stability to a learning effect based on the re-
peated exposures. It is important to note that the methods used
to measure platform stability were not sensitive, as they were
based solely on whether the platform fell completely out of
balance and contacted the underlying support bracket.

As extensions to the 2 investigations above, investigators at

the Neuromuscular Research Laboratory (University of Pitts-
burgh, Pittsburgh, PA) recently concluded a series of investi-
gations to identify the role of the lateral ankle-ligament mech-
anoreceptors in postural control during static, reflexive, and
functional tasks. In addition to incorporating a wide variety of
tasks, postural control was considered from a multivariate per-
spective by using electromyographic, kinematic, and force-
plate measurements. Preliminary results of these studies are
briefly presented below.

The first investigation was focused on the contribution of
lateral ankle-ligament inputs to single-leg postural control.71

Postural control was measured during stance on fixed- and
multiaxial-support surfaces (eyes open and closed), and a sin-
gle-leg landing task. Fourteen healthy subjects underwent 2
treatment conditions (control, lateral ankle-ligament anesthe-
sia) in a counterbalanced order (48-hour intertest interval).
During the treatment condition, an anesthetic solution was in-
jected directly into the anterior talofibular and calcaneofibular
ligaments. Initial statistical analyses were focused on the
means and variances of the electromyographic, kinematic, and
forceplate data collected during each task. Analyses across all
variables failed to demonstrate significant alterations in pos-
tural control between the 2 conditions.

The subsequent investigation involved 13 healthy subjects
(7 men, 6 women) attending 2 testing sessions.72 At each test-
ing session, subjects were injected bilaterally with either an
anesthetic solution or a placebo solution into the anterior tal-
ofibular or calcaneofibular ligament. Before and after the in-
jections, anterior tibialis, peroneus longus, peroneus brevis,
and gluteus medius muscle electromyographic activity was
collected following a high-speed standing inversion perturba-
tion, treadmill walking, and jogging. Significantly decreased
muscle function occurred after both the anesthetic and placebo
conditions; however, there was no significant difference be-
tween the 2 solutions.

Based on these investigations, it would appear that isolated
losses of articular mechanoreceptor input alone do not explain
the postural alterations in CAI patients reported in the litera-
ture. Yet this should not be interpreted as a definitive decla-
ration that lateral ankle-ligament mechanoreceptors do not
have a role in postural control. Animal studies documenting
the effects of mechanoreceptor stimulation on g-MNs and the
findings of suppressed activity of the dynamic ankle restraints
after ligamentous distention suggest that articular receptors
contribute to the process of maintaining postural control. It
may be that their isolated role is very subtle (ie, influencing
muscle-spindle sensitivity via g-MNs) and goes undetected by
currently available measurement tools and techniques. Further
research is needed in this area. Again, the pertinent concept is
that isolated articular deafferentation accompanying repetitive
ankle trauma does not appear to be the cause of the postural
alterations reported in patients with CAI.

OTHER POTENTIAL FACTORS LINKING POSTURAL-
CONTROL DEFICITS TO CHRONIC ANKLE
INSTABILITY

Accepting the idea that reduced mechanoreceptor input does
not account for the postural alterations in patients with CAI
naturally leads one to ponder the question: What is the cause
of the postural-control alterations demonstrated in CAI pa-
tients? In answering this question, one has to revert to the
composition and mechanisms involved in maintaining postural
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control. In other words, to understand the relationship between
postural alterations and CAI, athletic trainers must broaden
their traditional perspective and consider the effects of injury
upon each of the PCS components.

During an ankle-joint sprain, disruptions to the mechano-
receptors are believed to accompany the ligamentous and joint
capsule tearing. Also, potentially occurring at the time of in-
jury are tensile or compressive (or both) loading of the afferent
fibers and nerves conveying the mechanoreceptive information
to the central nervous system. Both of these events can lead
to an immediate reduction in afferent input arising from the
joint (ie, deafferentation). To date, experimental research has
only considered the effect of isolated mechanoreceptor reduc-
tion on postural control. It may be that infliction of external
loads by repetitive inversion injury on the afferent fibers ad-
versely affects the conveyed inputs arising from populations
of mechanoreceptors located in adjacent tissues. An additional
explanation might be that damage to the muscle mechanore-
ceptors or their associated afferent fibers also occurs. Further-
more, sensory and tissue damage can affect the joints distal
(ie, subtalar) or proximal (ie, knee) to the talocrural joint.

After acute injury, patients often present with voluntary
guarding and inhibition, which may be attributed to pain or
fear of reinjury. Over repeated injury episodes, such as in pa-
tients with CAI, the voluntary avoidance strategies may be-
come more permanent and automatic elements of their motor
programs. This may explain the bilateral deficits demonstrated
in patients with unilateral ankle instability by Tropp41 and the
bilateral training responses reported by Gauffin et al.52 In ad-
dition, reorganization of the central afferent pathways may oc-
cur after anterior cruciate ligament rupture.73 Although the
clinical significance of this finding and whether a similar
change occurs after ankle-ligament injuries has yet to be de-
termined, it could potentially explain postural alterations in
CAI patients.

Analogous to the inversion-injury mechanism’s effect on the
sensory nerve fibers, a similar situation appears to occur with
motor neurons. Several investigators74–76 have demonstrated
decreased nerve-conduction velocities and nerve injury after
inversion injury. Although the results of the studies can only
be directly applied to subjects with acute injuries, one could
reasonably speculate that repeated trauma to the motor nerves
might lead to permanent neural disruptions and, therefore, an
inhibited ability to control the temporal and spatial character-
istics of muscle activation. Moreover, although no direct sup-
portive evidence exists, it is a sensible conjecture that this idea
in isolation could explain the shift toward increased hip strat-
egies demonstrated by CAI patients.

Although deficits in muscle strength and endurance as con-
tributory factors in CAI remain a controversial topic, it is im-
portant to recognize that these deficits affect the ability of the
PCS to execute motor commands involving the ankle mus-
culature. Finally, several of the biomechanical and physiologic
characteristics appear to be altered in CAI. Many people with
CAI (but not all) appear to have deficits in the mechanical
stability of the ankle joint as revealed by excessive joint laxity
during clinical stress tests and stress radiography.8 The effect
of decreased mechanical ankle-joint stability might require
higher levels of ankle-muscle coactivation to maintain the joint
in optimal alignment, thereby increasing reliance on corrective
action at the hip joint. Additionally, many patients present with
altered ankle range of motion, which also could influence the

execution of motor strategies concerned with maintaining
equilibrium.

CLINICAL SIGNIFICANCE

The clinical significance of the information presented in this
manuscript can be focused on 2 major points. First, it remains
unknown if postural control is disrupted in patients with CAI.
The number of investigators reporting alterations is matched
with investigators failing to find significant differences. The
wide disparity in subject-inclusion criteria, assessment tasks,
and variables tested makes drawing a consensus difficult. In
addition to different experimental methods, one possibility to
potentially explain the varied results is the altered strategies
demonstrated in subjects with CAI. Depending upon the ef-
fectiveness of a particular strategy, deficiencies in the PCS
may not be revealed in the absence of challenging tasks and
environmental conditions. In other words, based on the inves-
tigations that revealed increased hip strategies, it is possible
that the altered strategies enable patients to demonstrate nor-
mal equilibrium as measured by forceplate variables (espe-
cially COP), leading investigators to conclude that no differ-
ences exist. Several researchers have noted the large influence
of ankle function on forceplate measures of postural con-
trol.51,77,78 Future researchers should consider measuring pos-
tural control through multivariate measures, including electro-
myographic, kinematic, and forceplate variables under a
variety of tasks and environmental conditions.

The second major clinically relevant detail is that reduced
mechanoreceptor input in isolation does not appear to explain
the postural alterations reported in the literature. Common to
the investigations using isolated injections into the lateral an-
kle ligaments were no significant differences that could be
attributed to mechanoreceptor anesthesia. Thus, other areas
within the PCS must be explored as potential causes. It is very
likely that the source of postural deficits in CAI patients is
unique to each individual. In some patients, decreased me-
chanical stability may account for alterations, while in other
patients, damaged afferent or efferent (or both) neural path-
ways might be responsible. Thus, clinicians need to evaluate
patients individually to design customized rehabilitation strat-
egies. Using the guidelines presented in the ‘‘Assessment of
Postural Control’’ section, clinicians could design a progres-
sive battery of tasks to target, challenge, and evaluate the var-
ious components of the PCS. During evaluations in the optimal
setting, instrumented measures can be used to determine
whether a postural-control deficiency exists and whether al-
tered strategies are being used. Clinicians without access to
sophisticated instrumentation may want to consider using the
various noninstrumented measures available. It is important
that the final stages of the evaluative and rehabilitation process
involve functional tasks of increasing complexity to ensure
synchronization of the individual PCS components to the over-
all motor system. Clinical activities need to be included that
simulate the demands imposed by functional movements to
determine the capability of the PCS to control posture in a
‘‘natural’’ context.

In conclusion, potentially more important than the issue of
whether postural control becomes disrupted as a result of ankle
injury is the effect on the selection of sensory and motor strat-
egies. Given the documented and potentially related sensory,
central nervous system, and motor alterations associated with
CAI, it follows that the manner in which postural equilibrium
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is maintained or restored would naturally become altered. Sev-
eral immediate questions naturally follow acceptance of this
idea: (1) When a strategy is not available because of the effects
of injury, how is postural equilibrium maintained when that
strategy is most appropriate? (2) Does a reliance on different
motor strategies cause a predisposition to other injuries? (3)
In the case of athletes, do altered strategies adversely affect
performance? Thus, while research in this area began more
than 30 years ago, a plethora of avenues is available for future
investigation.
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